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IN VITRO MODEL FOR THE TREATMENT OF 
RESTENOSIS 

FIELD OF THE INVENTION 

[0001] The invention provides in vitro methods useful for 
screening compositions and methodologies in the treatment 
and prevention of coronary artery disease and, in particular, 
restenosis. The invention also provides devices and compo 
sitions that are used in the methods. 

BACKGROUND OF THE INVENTION 

[0002] Coronary artery disease is a disease that is endemic 
in Western society. In this disease the arteries that supply 
blood to the heart muscle become narroWed by deposits of 
fatty, ?brotic, or calci?ed material on the inside of the artery. 
The build up of these deposits is called atherosclerosis. 
Atherosclerosis reduces the blood ?oW to the heart, starving 
the heart muscle of oxygen and leading to angina pectoris 
(chest pain), myocardial infarction (heart attack), and/or 
congestive heart failure. One common treatment to clear 
arteries blocked by atherosclerosis is balloon angioplasty, 
more formally referred to as percutaneous transluminal 
coronary angioplasty (PTCA). This treatment involves 
opening up a blocked artery by inserting and in?ating a 
small balloon, Which compresses and rearranges the block 
ing plaque against the arterial Wall. After de?ation and 
removal of the balloon, the arterial lumen is enlarged, 
thereby improving blood ?oW. About one million angio 
plasty procedures are performed each year. 

[0003] In a signi?cant number of angioplasty patients the 
treated artery narroWs again Within six months of the pro 
cedure in a process called restenosis. Restenosis begins soon 
after angioplasty, Wherein the increased siZe of the vascular 
lumen (the open channel inside the artery) becomes gradu 
ally occluded by the proliferation of smooth muscle cells. 
Approximately 20 to 30% of angioplasty patients experience 
restenosis to the extent that they must undergo repeated 
angioplasty or even coronary bypass surgery. 

[0004] Restenosis has a complex pathology, triggered by 
the stretch-induced injury of the vessel Walls during balloon 
in?ation, Which stimulates smooth muscle cell migration 
and proliferation, and thereby leads to neointimal accumu 
lation (Which constitutes the restenotic lesion). Additional 
processes contributing to restenosis include in?ammation 
and accumulation of extracellular matrix. Remodeling of the 
vessel Wall, leading to narroWing of the vessel, is a critically 
important component of restenosis. HoWever, this is totally 
eliminated by the implacement of a stent at the site of 
angioplasty, Which prevents the vessel from remodeling. 
Stenting has become almost routine, being performed in 
many centers in over 70% of all angioplasty procedures. 

[0005] Currently, neW methods for treatment of restenosis 
are developed using an in vivo model such as the pig or rat. 
These methods are sloW, laborious and expensive because of 
the time it takes to breed appropriate animals, the time 
required to promote a restenotic state, the complexity of the 
surgical procedures necessary to develop the model, and the 
time needed to determine the effects of an intervention. 
Consequently, the rate of developing neW methods for the 
treatment or prevention of restenosis is severely limited. It 
is apparent, therefore, that a neW model is needed Whereby 
the effects of therapeutic agents or drugs can be tested 
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quickly and economically in order to determine Whether a 
full-scale animal trial is Warranted. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of this invention to provide 
improved methods and apparatus for the screening and 
identi?cation of therapeutic agents in the treatment and 
prevention of coronary artery disease. 

[0007] It is also an object of this invention to provide an 
in vitro model for the identi?cation of agents bene?cial in 
treating restenosis. In accordance With this goal the inven 
tors have developed an in vitro model simulating the arterial 
vessel Wall, that alloWs testing of the ef?cacy of a broad 
array of agents (for example, small molecules, proteins, 
naked DNA, transgenes carried in viral vectors, and cellular 
strategies) on inhibiting the proliferation and migration of 
smooth muscle cells or endothelial cells cultured on this 
surrogate vessel. 

[0008] In one embodiment, the invention provides a 
method for determining the potential of a therapeutic agent 
for treating coronary artery disease, comprising incubat 
ing cells in a Well containing culture medium, Where the Well 
is divided into an upper chamber and a loWer chamber by a 
porous membrane and Where the cells are initially present in 
the upper chamber, Where the Well contains the therapeutic 
agent and Where the loWer chamber contains a chemoattrac 
tant agent; (ii) determining the number of cells that migrate 
into the loWer chamber after incubation; and (iii) comparing 
the rate of proliferation of those cells that migrate and those 
cells that do not migrate; Whereby the comparison indicates 
the potential of therapeutic agent for the treatment or pre 
vention of coronary artery disease. The porous membrane 
may contain a biocompatible coating suitable for placement 
in a blood vessel, and the coating may be impregnated With 
the therapeutic agent. The coating may comprise, for 
example, a collagen or a hydrogel. 

[0009] In another embodiment the cells in the Well are 
selected from the group consisting of smooth muscle cells, 
endothelial cells, mesenchymal cells, monocytes, macroph 
ages, and T cells and combinations of these cells. 

[0010] In still another embodiment, the therapeutic agent 
comprises at least one composition selected from the group 
consisting of cells, nucleic acids, antibodies, proteins, pep 
tide fragments, viral vectors, drugs, and chemical sub 
stances. In a further embodiment, the therapeutic agent 
comprises cells comprising a gene for the treatment or 
prevention of coronary artery disease. 

[0011] In yet another embodiment, the cells comprise at 
least one cell type selected from the group consisting of 
mesenchymal cells, endothelial progenitor cells and stem 
cells. 

[0012] In still another embodiment, the coronary artery 
disease is atherosclerosis, stenosis or restenosis. 

[0013] In a further embodiment, at least one surface of 
said membrane is contacted by a layer of stent material. The 
stent material may further comprise a biocompatible coating 
suitable for placement in a blood vessel. 

[0014] In a still further embodiment the pores in the 
porous membrane are about 5 pm in diameter. 
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[0015] In yet another embodiment the chemoattractant 
comprises at least one growth factor selected from the group 
consisting of PD GF-BB, IGF-l, EGF, FGF, HGF, NGF, TGF 
and VEGF. 

[0016] In a further embodiment, there is provided a device 
for evaluating a therapeutic agent for treatment or preven 
tion of coronary artery disease comprising a Well suitable for 
culturing cells With culture media disposed Within the Well, 
Where the Well comprises an upper chamber and a loWer 
chamber separated by a porous membrane, Where the porous 
membrane is coated With a biocompatible coating suitable 
for placement in a coronary blood vessel, a chemoattractant 
agent disposed in the loWer chamber, and cells disposed 
Within the upper chamber. At least one surface of the 
membrane may optionally be contacted by a layer of stent 
material. In a further embodiment the Well contains a 
putative therapeutic agent for the treatment, prevention, or 
amelioration of coronary artery disease. 

[0017] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description, While indicating preferred embodi 
ments of the invention, is given by Way of illustration only, 
since various changes and modi?cations Within the spirit and 
scope of the invention Will become apparent to those skilled 
in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 shoWs a diagrammatic representation of a 
coronary artery that has been stented, With the stent having 
a coating on it. The stent With its coating abuts the smooth 
muscle cells of the arterial media. 

[0019] FIG. 2 shoWs a diagrammatic representation of a 
coronary artery that has been stented, With the stent having 
a coating on it. The stent With its coating abuts the smooth 
muscle cells of the arterial media. In this example plasmid 
DNA or adenoviral vector is impregnated into the stent 
coating. 
[0020] FIG. 3 shoWs a diagrammatic representation of a 
coronary artery that has been stented, With the stent having 
a coating on it. The stent With its coating abuts the smooth 
muscle cells of the arterial media. In this example endothe 
lial progenitor cells (EPCs) or stem cells are impregnated 
into the stent coating. 

[0021] FIG. 4 shoWs a diagrammatic representation of an 
in vitro model of a coronary artery that has been stented, 
With the stent having a coating on it. The stent With its 
coating abuts the smooth muscle cells that simulate the 
arterial media. The membrane on Which the stent sits sepa 
rates the upper chamber of the Well from the loWer chamber. 
The loWer chamber simulates the arterial lumen. The Well is 
?lled With culture media While PDGF-BB is added to the 
media in the loWer chamber. 

[0022] FIG. 5 shoWs a diagrammatic representation of an 
in vitro model of a coronary artery that has been stented, 
With the stent having a coating on it. The stent With its 
coating abuts the smooth muscle cells that simulate the 
arterial media. The membrane on Which the stent sits sepa 
rates the upper chamber of the Well from the loWer chamber. 
The loWer chamber simulates the arterial lumen. In this 
example, plasmid DNA or adenoviral vectors are impreg 
nated into the stent coating.. 
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[0023] FIG. 6 shoWs a diagrammatic representation of an 
in vitro model of a coronary artery that has been stented, 
With the stent having a coating on it. The stent With its 
coating abuts the smooth muscle cells that simulate the 
arterial media. The membrane on Which the stent sits sepa 
rates the upper chamber of the Well from the loWer chamber. 
The loWer chamber simulates the arterial lumen. In this 
example, endothelial progenitor cells (EPCs) or stem cells 
are impregnated into the coating the covering stent. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The invention provides in vitro models for identi 
fying and testing therapeutic agents for use in the treatment 
and prevention of coronary artery disease and, speci?cally, 
restenosis. 

[0025] In Vitro Model for Assessing Ef?cacy of Putative 
Treatments for Restenosis 

[0026] The inventors have found that methods for treating 
restenosis may ?rst be assayed using an in vitro model to test 
the ef?cacy of putative therapeutic agents before resorting to 
in vivo trials on animal models. The model system utiliZes 
cell culture strategy. A Well suitable for culturing cells is 
divided into upper and loWer chambers by a porous mem 
brane. The upper chamber mimics the environment of the 
arterial Wall While the loWer chamber, inoculated With a 
chemoattractant, mimics the environment of the arterial 
lumen. Smooth muscle cells are cultured on the membrane, 
and this arrangement mimics the artery. The Well is ?lled 
With media suitable for culturing the cells. Suitable media 
are Well knoWn in the art and are commercially available 
from, for example, Invitrogen (Carlsbad, Calif.), Fisher 
Scienti?c, Sigma (St. Louis, Mo.) and Hyclone (Logan, 
Utah). An example of a suitable culture medium is RPMI 
1640 supplemented With 10% fetal bovine serum (FBS). 
One skilled in the art Will be aWare that other media also are 
suitable for use in the Well. Using this design, the effect of 
any putative strategy on the migration of smooth muscle 
cells into the arterial lumen and the development of rest 
enosis can be studied. 

[0027] The membrane separating the upper and loWer 
chambers contains pores approximately 5 pm in diameter, 
although other pore siZes may also be used. The membrane 
provides a platform for administrating the therapeutic agent 
tested. The membrane may be essentially any suitable mate 
rial that is compatible With culture of cells. Suitable mem 
brane materials include, but are not limited to, polycarbon 
ate, cellulose and polyvinylidene ?uoride (PVDF). In each 
instance the membrane alloWs the free diffusion of culture 
media, cytokines and other cellular factors across the mem 
brane. 

[0028] The membrane may be coated With a compound 
used to cover stents. This compound may serve as a therapy 
or preventive for restenosis, or as a vehicle into Which a 
therapeutic agent can be impregnated. Suitable coatings are 
Well knoWn in the art. For example, the coating may be 
collagen or may be a hydrogel. The model system also may 
contain stent material that contacts the membrane to mimic 
the effect of a stented artery. The stent may, for instance, be 
cut to the contours of the membrane, ?attened and laid on 
top of the membrane. The stent may be covered by the 
coating, in addition to or in place of the membrane coating. 
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The stent mimics the stent in a vessel allowing a greater 
approximation of the effects of the treatment in vivo. 

[0029] The coating can be impregnated With a compound 
or agent to be tested as a therapy for atherosclerosis, stenosis 
and/or restenosis. The compound or agent may be cells such 
as endothelial progenitor cells, stem cells, or mesenchymal 
cells Which can express genes that may have potential as 
treatments for atherosclerosis, stenosis and/or restenosis. 
These genes typically are transgenes that are inserted into 
the cell by, for example, transfection, but also may be 
endogenous genes that are highly expressed or exhibit 
enhanced expression due to the presence, for example, of 
exogenous regulatory elements (so-called gene activation 
technology). The compound may be “naked” DNA that 
encodes a therapeutic peptide, polypeptide or protein. The 
compound may also be a protein, polypeptide, peptide or 
small molecule therapeutic. The compound also may be a 
viral vector carrying a transgene or a drug. 

[0030] By culturing appropriate cells on the membrane it 
is possible to test the therapeutic properties of the compound 
embedded in the coating. The cells may be, for example, 
smooth muscle cells, endothelial cells, or a mixture of 
endothelial cells and smooth muscle cells. The cells may 
also be a mixture of endothelial cells, smooth muscle cells, 
and one or more types of in?ammatory cells such as activi 
ated monocytes/macrophages or T cells. The cells also may 
be any other cells that provide a means to study the anti 
migrational, anti-proliferative, and/or anti-in?ammatory 
effects of the agent tested. In this manner cells that migrate 
through the pores in the membrane (or membrane and stent) 
Will absorb the agent impregnated in the coating and affect 
the proliferation of those cells upon migration to the loWer 
chamber, Which effectively form a neointima. 

[0031] To study the effects on migration a chemoattractant 
agent is placed in the loWer chamber. Suitable chemoattrac 
tants are Well knoWn in the art. The chemoattractant may be 
platelet derived groWth factor (PDGF), insulin-like groWth 
factor (IGF), or another groWth factor such as epidermal 
groWth factor (EGF), ?broblast groWth factor (FGF), hepa 
tocyte groWth factor (HGF), nerve groWth factor (NGF), 
transforming groWth factor (TGF), vascular endothelial 
groWth factor (VEGF) or any other agent inducing cell 
groWth and migration. Combinations of chemoattractants 
also may be used. 

[0032] This design alloWs for a quanti?cation of the 
therapeutic value of the therapeutic agent by alloWing mea 
surements of cells migrating into the loWer chamber at 6, 8 
or 12 hours (or other appropriate time points) after seeding 
of the cells. This design also alloWs a measure of the effects 
of the therapeutic agent on the proliferation of the cells in the 
upper chamber (simulating the effect of the therapeutic agent 
on smooth muscle cells located in the vessel media) by 
alloWing the quanti?cation of those cells at day 1, 3, 7 or 14 
(or other appropriate time points). Further, this design also 
provides a measure of the effects of the therapeutic agent on 
the proliferation of the cells that have migrated into the 
loWer chamber (simulating the effect of the therapeutic agent 
on smooth muscle cells located in the groWing neointima 
that becomes the restenotic lesion) by alloWing the quanti 
?cation of those cells at day 1, 3, 7 or 14 (or other 
appropriate time points). Cells may be counted by knoWn 
methods, including cell counting after trypsiniZation or by 
tritiated thymidine incorporation assay. 
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[0033] By simulating the environment of a damaged arte 
rial vessel and by placing a chemoattractant in the loWer 
chamber, the therapeutic effect of the agent on the membrane 
or stent in inhibiting proliferation of cells located in the 
vessel Wall, (ii) inhibiting migration of cells into the vessel 
lumen, and (iii) inhibiting proliferation of cells once gaining 
access to the vessel lumen, can be estimated. Once an agent 
has been shoWn to inhibit the proliferation of cells located in 
the upper chamber, inhibit the migration of cells into the 
loWer chamber, and/or inhibit the proliferation of cells once 
gaining access into the loWer chamber, the value of the agent 
therapeutically may be further tested by its ef?cacy in 
established in vivo models such as the pig or rat. 

[0034] As may be appreciated the ability of other research 
ers to use the model described herein Will greatly advance 
the research on therapeutic agents to treat restenosis. To this 
end it is contemplated that kits or devices meeting the 
description of the invention are also claimed. Such kits or 
devices contain appropriate culture vessels and membranes 
or ?lters of appropriate siZe to separate the Well into upper 
and loWer chambers. In addition, the kits or devices may 
provide cells that may be cultured and seeded onto the 
membrane or stent. In the kit, these cells may be provided in 
a froZen form suitable for long-term storage. In addition, the 
kits or devices provide stents that ?t the membrane com 
prising the bottom of the membrane. In addition, it is 
contemplated that appropriate media Will be available such 
that the researcher using such kit or device can easily 
maintain the model system alloWing for optimal cell groWth. 
In addition, appropriate coating materials may be provided 
such that the researcher, using such kit or device With 
Whatever coating is desired, can easily test the ef?cacy of 
agents embedded in the coating. Such kits or devices Will 
alloW the easy quanti?cation of the effects of any therapeutic 
agent by applying the agent to the membrane, or to the 
coating, or to the coating of the stent, and measuring the 
proliferation and migration of cells at the appropriate time 
points. 
[0035] The invention disclosed herein provides an in vitro 
model to study the effects of various therapeutic agents 
including cells (such as progenitor endothelial cells or stem 
cells) genetically engineered cells that express potentially 
therapeutic agents, proteins, peptides, small molecules, viral 
agents, naked DNA, drugs, or any other compound. The in 
vitro model Will provide an economical Way to test the 
effects of therapeutic agents to be used in treating athero 
sclerotic disease. The effects of the agents on neointima 
formation can be studied in order to determine Whether full 
scale, in vivo, trials in animal models should be pursued. 

What is claimed is: 
1. Amethod for determining the potential of a therapeutic 

agent for treating coronary artery disease, comprising: 

incubating cells in a Well containing culture medium 
Wherein said Well is divided into an upper chamber and 
a loWer chamber by a porous membrane and Wherein 
said cells are initially present in said upper chamber; 

Wherein said Well contains the therapeutic agent; 

Wherein said loWer chamber contains a chemoattractant 
agent; 

determining the number of cells that migrate into said 
loWer chamber after incubation; and 
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comparing the rate of proliferation of those cells that 
migrate and those cells that do not migrate; 

Whereby said comparison indicates the potential of said 
therapeutic agent for the treatment or prevention of 
coronary artery disease. 

2. The method of claim 1 Wherein the porous membrane 
contains a biocompatible coating suitable for placement in a 
blood vessel. 

3. The method of claim 2 Wherein said coating is impreg 
nated With said therapeutic agent. 

4. The method of claim 2 or claim 3 Wherein said coating 
comprises a collagen or a hydrogel. 

5. The method of claim 1 Wherein said therapeutic agent 
comprises at least one composition selected from the group 
consisting of cells, nucleic acids, antibodies, proteins, pep 
tide fragments, viral vectors, drugs, chemical substances. 

6. The method of claim 1 Wherein the therapeutic agent 
comprises cells comprising a gene for the treatment, pre 
vention, or amelioration of coronary artery disease. 

7. The method of claim 6 Wherein said cells comprise at 
least one cell type selected from the group consisting of 
mesenchymal cells, endothelial progenitor cells and stem 
cells. 

8. The method of claim 1 Wherein the coronary artery 
disease is atherosclerosis, stenosis or restenosis. 

9. The method of claim 1 Wherein at least one surface of 
said membrane is contacted by a layer of stent material. 

10. The method of claim 9 Wherein said stent material 
comprises a biocompatible coating suitable for placement in 
a blood vessel. 
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11. The method of claim 1 Wherein the pores in said 
porous membrane are about 5 pm in diameter. 

12. The method of claim 1 Wherein said cells are selected 
from the group consisting of smooth muscle cells, endothe 
lial cells, mesenchymal cells, monocytes, macrophages, and 
T cells and combinations thereof. 

13. The method of claim 1 Wherein the chemoattractant 
comprises at least one groWth factor selected from the group 
consisting of PDGF-BB, IGF-1, EGF, FGF, HGF, NGF, TGF 
and VEGF. 

14. A device for evaluating a therapeutic agent for treat 
ment of coronary artery disease comprising: 

a Well suitable for culturing cells, Wherein said Well 
comprises an upper chamber and a loWer chamber 
separated by a porous membrane, Wherein said porous 
membrane is coated With a biocompatible coating suit 
able for placement in a coronary blood vessel; 

culture media disposed Within said Well; 

a chemoattractant agent disposed in said loWer chamber, 
and 

cells disposed Within said upper chamber. 
15. The device of claim 14 Wherein at least one surface of 

said membrane is contacted by a layer of stent material. 
16. The device of claim 14 Wherein said Well contains a 

putative therapeutic agent for the treatment of coronary 
artery disease. 


